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TOUCH SENSING CIRCUIT AND METHOD
FOR MAKING THE SAME

BACKGROUND OF THE INVENTION

1. Technical Field

This Application claims the benefit of People’s Republic
of China Application No. 201010204628.5, filed Jun. 12,
2010.

The present invention generally relates to touch sensing
technology, and more particularly to a touch sensing, circuit
for a capacitive touch panel and a method for making the
circuit.

2. Description of the Prior Art

In recent years, the touch panel is becoming more and
more popular, and may replace mouse and keyboard in the
future. Touch panels have been widely used in home appli-
ances, communication devices, and electronic information
products such as personal digital assistant (PDA), and game
input interface. Now, a touch panel is always integrated with
a display panel, so a user can select an operation by directly
touching the corresponding images shown, on the display
panel. Therefore, such a combined structure of the touch
panel and the display panel provides users with better
portability and more comfortable input operation.

There are many types of touch panels, such as resistance
touch panel, capacitive touch panel, infrared sensing touch
panel, electromagnetic sensing touch panel, and acoustic
wave sensing touch panel, according to different technology
principles. Herein, the capacitive touch panel is a compara-
tively better type because of its high sensitivity, low cost,
and simple structure. Theoretically, the capacitive touch
panel detects the capacitance changes of the electrodes
generated by human body or other grounded material to
determine the touch position.

Referring to FIG. 1, a conventional capacitive touch panel
includes a sensing circuit pattern, made of conductive mate-
rials and formed on a transparent glass. The circuit pattern
has x-axis (X0-X7) and Y-axis (Y0-Y4) electrode strips. In
operation, a control circuit scans the electrode strips sequen-
tially. When a human finger or other grounded conductors
touch a point (shown as black area) of the capacitive touch
panel, the capacitance of the X-axis electrode strips and
Y-axis electrode strips which is touched changes. After
sensing the capacitance change of the electrode strips, the
control circuit will determine the X-axis and Y-axis coordi-
nates of the touched position based on the capacitance
changes.

As is well known, to detect the location touched by finger
or touch pen, various touch detection methods for capacitive
touch panels have been employed. For example, as shown in
FIG. 2, a touch sensing circuit 201 having a grid pattern for
a capacitive touch panel formed on a substrate 205 includes
a first capacitive sensing layer 202, a second capacitive
sensing layer 203, and an insulating layer 204. The first
capacitive sensing layer 202 and the second capacitive
sensing layer 203 are spaced by the insulation layer 204 so
as to achieve an effect of capacity. Each capacitive sensing
layer includes a number of conductive elements arranged in
substantially parallel rows. The conductive elements of the
first capacitive sensing layers are perpendicular to the con-
ductive elements of the second capacitive sensing layer.
Each conductive element includes a number of electrode
units. The conductive elements are made of indium tin oxide
ITO).

However, the above mentioned touch sensing circuit has
two sensing layer 202 and 203 which make the structure
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thick. Furthermore, the conductive elements are made of
indium tin oxide, therefore the whole resistance of the touch
sensing circuit can not be reduced effectively. Consequently,
a sensitivity of signal transmission can not be enhanced.
Therefore, a new touch sensing circuit having not only a
comparatively thinner structure but also a comparatively
lower impedance is needed to overcome said shortcomings.

BRIEF SUMMARY OF THE INVENTION

The present invention is to provide a touch sensing circuit
for a capacitive touch panel and a method for making the
same that can simplify the whole manufacturing process by
applying a single process to form all electrode units of both
capacitive sensing layers on a substrate therefore reducing
the thickness of the touch sensing circuit.

Another object of the present invention is to provide a
touch sensing circuit for a capacitive touch panel, which
provides low impendence so as to increase the reliability of
the touch panel.

Further object of the present invention is to provide a
manufacture method for reducing the impendence and the
thickness of a touch sensing circuit.

Further object of the present invention is to provide a
touch panel having the touch sensing circuit of the present
invention.

Further object of the present invention is to provide an
electronic device having the touch panel of the present
invention.

In general, the present invention discloses a touch sensing
circuit for capacitive touch panel comprising a transparent
conductive layer having a thickness of 100 A-500 A; a
conductive layer having a thickness of 1000 A-5000 A; and
an insulating layer having a thickness of 1 um-5 pm disposed
between the transparent conductive layer and the conductive
layer.

Accordingly, the transparent conductive layer comprises
at least two adjacent first electrode units, a first conductive
line and at least two adjacent second electrode units. The
first conductive line is located between the adjacent first
electrode units to interconnect the adjacent first electrode
units. The second electrode units are disposed on two sides
of the first conductive line respectively.

In another aspect, the present invention also discloses a
method of making a touch sensing circuit including: (a)
forming a transparent conducive layer having a thickness of
100 A-500 A; (b) forming a conductive layer having a
thickness of 1000 A-5000 AA; and (c) forming an insulating
layer having a thickness of 1 pm-5 pum disposed between the
transparent conductive layer and the conductive layer.

Accordingly, the transparent conductive layer, comprises
at least two adjacent first electrode units, a first conductive
line and at least two adjacent second electrode units. The
first conductive line is located between the adjacent first
electrode units to interconnect the adjacent first electrode
units. The second electrode units are disposed on two sides
of the first conductive line respectively.

The present invention further discloses a capacitive touch
panel comprising a substrate; a touch sensing circuit of
present invention formed on the substrate for sensing a touch
action thereon and generating corresponding, touch sensing
signals; at least one first peripheral signal line formed on a
first edge of the substrate and at least one second peripheral
line formed on a second edge adjacent to the first edge of the
substrate for conducting the touch sensing signals; and a
controller for receiving and processing, said touch sensing
signals.
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The present invention further discloses an electronic
device comprising a capacitive touch panel of present inven-
tion for sensing a touch action thereon and generating
corresponding touch sensing signals; a processor for receiv-
ing and processing said touch sensing signals and generating
corresponding display instruction signals; and a display for
receiving said display instruction signals and displaying
corresponding images.

The above summary is not intended to describe each
embodiment or every implementation of the present disclo-
sure. Advantages and attainments, together with a more
complete understanding of the invention, will become
apparent and be appreciated by referring to the following
detailed description and claims taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other features and advantages of the various
embodiments disclosed herein will be better understood with
respect to the following description and drawings, in which
like numbers refer to like parts throughout, and in which:

FIG. 1 is a schematic view showing the detecting prin-
ciple of conventional capacitive touch panel.

FIG. 2 is a schematic view of the structure of a touch
sensing circuit of the conventional capacitive touch panel
shown in the FIG. 1.

FIG. 3 is a schematic view of a touch sensing circuit in
accordance with a first embodiment of present invention.

FIGS. 4-6 are schematic views of implementation steps
for making a touch sensing circuit according to first embodi-
ment of the present invention shown in FIG. 3.

FIG. 7 is a schematic view of a touch sensing circuit in
accordance with a second embodiment of present invention.

FIG. 8 is a side view of a touch sensing circuit in
accordance with the first and second embodiments of present
invention.

FIG. 9 is a schematic view of a capacitive touch panel
having the touch sensing circuit in accordance with the first
embodiment of present invention.

FIG. 10 is a schematic view of a capacitive touch panel
having the touch sensing circuit in accordance with the
second embodiment of present invention.

FIGS. 11-13 are schematic views of implementation steps
for making a touch sensing circuit according to third
embodiment of the present invention.

FIG. 14 is a schematic view of a touch sensing circuit in
accordance with a third embodiment of present invention.

FIG. 15 is a side view of a touch sensing circuit in
accordance with the third embodiment of present invention.

FIG. 16 is a schematic view of a capacitive touch panel
having the touch sensing circuit in accordance with the third
embodiment of present invention.

FIG. 17 is a side view of the capacitive touch panel having
the touch sensing circuit in accordance with the first and
second embodiment of present invention.

FIG. 18 is a side view of the capacitive touch panel having
the touch sensing circuit in accordance with the third
embodiment of present invention.

FIG. 19 is a schematic view of an electronic device having
the capacitive touch panel in accordance with the invention.

DETAILED DESCRIPTION

Now referring more specifically to the figures, identical
parts are designated by the same reference numerals
throughout.
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Referring to FIG. 3, a plan view of a touch sensing circuit
for a capacitive touch panel according to the first embodi-
ment of the present invention is shown. The touch sensing
circuit 100 is formed on a surface of substrate 3. The touch
sensing circuit 100 includes a plurality of first conductive
elements 10 parallelly arranged in a first direction (such as
a horizontal direction) and a plurality of second conductive
elements 20 parallelly arranged in a second direction (such
as a longitudinal direction). The first conductive elements 10
and the second conductive elements 20 are arranged per-
pendicular to each other, forming a matrix structure.

Each first conductive element 10 includes a plurality of
first electrode units 1 arranged in an equal-spaced manner
along the first direction. Each second conductive element 20
includes a plurality of second electrode units 2 arranged in
an equal-spaced manner along the second direction. Adja-
cent first electrode units 1 are interconnected by a first
conductive line 11 and adjacent second electrode units 2 are
interconnected by a second conductive line 21. The adjacent
second electrode units 2 are located on two sides of the first
conductive line 11 respectively. The touch sensing circuit
100 further includes a plurality of insulators 4 disposed
between the first conductive lines 11 and the second con-
ductive lines 21, which are used to insulate the first con-
ductive lines 11 from the second conductive lines 21.

In this way, the first electrode units 1 and the first
conductive lines 11 constitute the first conductive elements
10 so as to form a first capacitive sensing layer. The second
electrode units 2 and the second conductive lines 21 con-
stitute the second conductive element 20 so as to form a
second capacitive sensing layer. Therefore, the first capaci-
tive sensing layer, the second capacitive sensing layer and
the insulators 4 constitute the touch sensing circuit 100
shown in FIG. 3 In addition, the substrate 3 can be made of
glass, plastic or other transparent insulating material.

The first electrode units 1 and the second electrode unit 2
are shaped as diamond. It is noticed that other polygon
contour, such as hexagon, octagon, rectangle, square and
triangle, can also be used as the shape of the first and second
electrode units 1, 2. The first electrode units 1 the first
conductive line 11 and the second electrode unit 2 are made
of transparent conductive material, such as Indium Tim
Oxide (ITO), Antimony Tin Oxide (ATO) or Titanium Oxide
(Ti0,). The second conductive lines 21 are made of opaque
conductive material, preferably metal, such as silver, copper,
aluminum, gold and iron. The insulator 4 is made of trans-
parent insulative material such as epoxy resin, polyimide,
polyvinyl chloride and methyl methacrylate, or opaque
insulative material such as ink.

In the first embodiment, the substrate 3 is made of
transparent insulating material, such as glass. The first
conductive elements 10 and the second conductive elements
20 can be arranged in an equal-spaced manner or in a
non-equidistance manner. The first conductive elements 10
and the second conductive elements 20 can be arranged in a
non-orthogonal manner to form a skew matrix structure. The
first electrode units 1 and the second electrode units 2 also
can be arranged in a non-equidistance manner along the first
direction and the second direction respectively.

In this section, a manufacturing method of making the
touch sensing circuit of the first embodiment will be
depicted. FIGS. 4-6 are schematic views of implementation
steps for making the touch sensing circuit according to the
first embodiment shown in FIG. 3. The manufacturing
method includes the following steps.

In the first step, as shown in FIG. 4, a plurality of the first
conductive elements 10 and a plurality of second electrode
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units 2 are formed on the substrate 3. In detail, the first step
comprises: sputtering a transparent conductive layer on the
substrate 3; covering a mask over the sputtered substrate 3,
and exposing the sputtered substrate 3 under a light to
develop a pattern on the sputtered substrate 3; etching the
patterned substrate 3 to form a first temporary pattern on the
substrate 3. After the step is finished, a first temporary
pattern is generated and is shown in FIG. 4. In this situation,
adjacent first electrode units 1 are interconnected by the first
conductive line 11, and the adjacent second electrode units
2 are separated from each other. The adjacent second elec-
trode units 2 are located on two sides of the first conductive
line 11 respectively. The first electrode units 1, the first
conducive line 11 and the second electrode unit 2 are made
of transparent conductive material, such as Indium Tim
Oxide (ITO), Antimony Tin Oxide (ATO), and Titanium
Oxide (TiO,). The first electrode units 1 and the second
electrode units 2 are shaped as diamond. It is noticed that
other polygon contour, such as hexagon, octagon, rectangle,
square and triangle, can also be used as the shape of the first
and second electrode units 1, 2.

In the second step, as shown in FIG. 5, a plurality of
insulators 4 are formed on the first temporary pattern shown
in FIG. 4. In detail, this step further comprises: sputtering an
insulating layer on the first temporary pattern shown in FIG.
4; covering a mask over the first temporary pattern, and
exposing the sputtered first temporary pattern under a light,
after which a second pattern will be developed on the
sputtered first temporary pattern; etching the patterned sub-
strate 3 to form a insulator 4 on each first conductive line 11.
After this step is finished, a second temporary pattern is
generated and is shown in FIG. 5. The insulators 4 are made
of transparent insulative material such as epoxy resin, poly-
imide, polyvinyl chloride and methyl methacrylate, or
opaque insulative material such as ink.

In the third step, a plurality of second conductive lines 21
are formed on the second temporary pattern shown in FIG.
6. In detail, this step further comprises: sputtering a con-
ductive layer on the second temporary pattern; covering a
mask over the sputtered second temporary pattern, and
exposing the sputtered second temporary pattern under a
light; etching the patterned substrate 3 to form the second
conductive lines 21. After this step is finished, the touch
sensing circuit 100 is generated as shown in FIG. 6. In the
structure, the adjacent second electrode units are intercon-
nected by a second conductive line 21 respectively. The
second conductive lines 21 are made of opaque conductive
material, preferably metal with high electronic conductivity,
such as silver, copper, aluminum, gold and iron.

In the above manufacturing method, each step performed
by the same photo lithography process comprises sputtering,
exposing, developing and etching in turn as described above.
In view of different manufacturing facilities, various appli-
cation surroundings and different process requirements, the
printing technology can be inducted into the manufacture
method mentioned above to make the touch sensing circuit
to be in accordance with the present invention.

As described above, the first electrode units 1 and the
second electrode units 2 are formed on the surface of the
transparent substrate 3 in the single photo lithography pro-
cess. As such, the touch sensing circuit for capacitive touch
panel can be manufactured by three predetermined photo
lithography processes. The whole manufacturing process of
making touch sensing circuit is very simple. Furthermore,
because of the second conductive lines 21 are made of metal,
resistance of the whole touch sensing circuit can be reduced
effectively, and thus a sensitivity of signal transmission can
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be enhanced. In addition, relative to the conventional tech-
nique that the insulating layer covers the whole sensing
layer, the insulators 4 are spaced from each other and are
arranged in the matrix, which can improve light transmit-
tance of the touch sensing circuit.

Referring to FIG. 7, a plan view of the second embodi-
ment of the present invention is shown. The touch sensing
circuit of the second embodiment is formed on a surface of
the substrate 3. The touch sensing circuit includes a plurality
of first conductive elements 10 parallelly arranged in a first
direction (such as a horizontal direction) and a plurality of
second conductive elements 20 parallelly arranged in a
second direction (such as a longitudinal direction). The first
conductive elements 10 and the second conductive elements
20 are arranged perpendicularly to each other, forming a
matrix structure.

Each first conductive element 10 includes a plurality of
first electrode units 1 arranged in an equal-spaced manner
along the first direction. Each second conductive element 20
includes a plurality of second electrode units 2 arranged in
an equal-spaced manner along the second direction. Adja-
cent first electrode units 1 are interconnected by a first
conductive line 11 and all the second electrode units 2 of a
second conductive element 20 are interconnected by a
second conductive line 22. The adjacent second electrode
units 2 are located on two sides of the first conductive line
11 respectively. The touch sensing circuit further includes a
plurality of insulators 4 disposed between the first conduc-
tive lines 11 and the second conductive lines 22, which are
used to insulate the first conductive lines 11 from the second
conductive lines 22.

The touch sensing circuit of the second embodiment is
very similar in principle to the touch sensing circuit of the
first embodiment. In the first embodiment the adjacent
second electrode units 2 of a second conductive element 20
are interconnected by a second conductive line 21. Com-
pared with the first embodiment, the second embodiment
uses an extended second conductive line 22 to interconnect
all the second electrode units of a second conductive ele-
ment 20. The manufacturing method of making the second
embodiment is also very similar to the manufacturing
method of making the first embodiment, wherein the only
difference is that in the third step of making the second
embodiment, the formed second conductive line 22 is con-
nected to all the second electrode units 2 of a second
conductive element 20.

Referring to FIG. 8, a side view of a touch sensing circuit
in accordance with the first and second embodiments of the
present invention is shown. The touch sensing circuit 100
formed on transparent substrate 101 comprises a transparent
conductive layer 102 for forming a plurality of first conduc-
tive elements 10 and a plurality of second electrode units 2;
and an insulating layer 103 for forming a plurality of
insulators 4 and a conductive layer 104 to form the second
conductive lines 21, 22. In the above mentioned structure,
the transparent substrate 101 is normally made of glass and
has a thickness of 0.2 mm-1 mm, preferably 0.55 mm; the
transparent conductive 102 is made of transparent conduc-
tive material, such as Indium Tim Oxide (ITO), Antimony
Tin Oxide (ATO) or Titanium Oxide (TiO,), and has a
thickness of 100 A-500 A, preferably 220 A; the insulating
layer 103 is made of transparent insulative material, such as
epoxy resin, polyimide, polyvinyl chloride and methyl
methacrylate, and has a thickness of 1 um-5 pum, preferably
2 um; the conductive layer 104 is made of opaque conduc-



US 9,454,267 B2

7

tive material, preferably metal, such as silver, copper, alu-
minum, gold and iron, and has a thickness of 1000 A-5000
A, preferably 3000 A.

FIG. 9 shows a capacitive touch panel having the touch
sensing circuit in accordance with the first embodiment of
the present invention. The capacitive touch panel comprises
a touch sensing circuit of the first embodiment for sensing a
touch action thereon and generating corresponding touch
sensing signals, a plurality of first peripheral signal lines 51
and a plurality of second peripheral signal lines 52 are
respectively formed on a first edge and a second edge
adjacent to the first edge of the substrate 3 for conducting the
touch sensing signal, and a controller 6 for receiving and
processing said touch sensing signals. Each first peripheral
signal line 51 is connected to a corresponding first conduc-
tive element 10 respectively, and each second peripheral
signal line 52 is connected to a corresponding second
conductive element 20 respectively.

The first peripheral signal lines 51 and the second periph-
eral signal lines 52 can be formed with the first conductive
elements 10 and the second electrode units 2 simultaneously.
In this case, the first peripheral signal lines 51 and second
peripheral signal lines 52 are preferably made of transparent
conductive material, such as Indium Tim Oxide (ITO),
Antimony Tin Oxide (ATO), and Titanium Oxide (TiO,),
and the thickness of the first peripheral signal lines 51 and
the second peripheral signal lines 52 is the same as that of
the transparent conductive layer 102. Besides, the first
peripheral signal lines 51 and the second peripheral signal
lines 52 can also be formed with the second conductive lines
21/22 simultaneously. In this case, the first peripheral signal
lines 51 and the second peripheral signal lines 52 are made
of opaque conductive material, preferably metal with high
electronic conductivity, such as silver, copper, aluminum,
gold and iron, and the thickness of the first peripheral signal
lines 51 and the second peripheral signal lines 52 is the same
as that of the conductive layer 104. Furthermore, the first
peripheral signal fines 51 and the second peripheral signal
lines 52 can be formed in separate manufacturing processes.

FIG. 10 shows a capacitive touch panel having the touch
sensing circuit in accordance with the second embodiment
of the present invention. The capacitive touch panel com-
prises a touch sensing circuit of the second embodiment for
sensing a touch action thereon and generating corresponding
touch sensing signals; a plurality of first peripheral signal
lines 51 and a plurality of second peripheral signal lines 52
are respectively formed on a first edge and a second edge
adjacent to the first edge of the substrate 3 for conducting the
touch sensing signal; and a controller 6 for receiving and
processing said touch sensing signals. Each first peripheral
signal line 51 is connected to a corresponding first conduc-
tive element 10 respectively, and each second peripheral
signal line 52 is connected to a corresponding second
conductive element 20 respectively.

Same as the capacitive touch panel having the touch
sensing circuit of the first embodiment, The first peripheral
signal lines 51 and the second peripheral signal lines 52 of
the capacitive touch panel having the touch sensing circuit
of the second embodiment can be formed with the first
conductive elements 10 and the second electrode units 2
simultaneously. In this case, the first peripheral signal lines
51 and the second peripheral signal lines 52 are preferably
made of transparent conductive material, such as Indium
Tim Oxide (ITO), Antimony Tin Oxide (ATO), and Titanium
Oxide (TiO,), and the thickness of the first peripheral signal
lines 51 and the second peripheral signal lines 52 is the same
as that of the transparent conductive layer 102. Besides, the
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first peripheral signal lines 51 and second peripheral signal
lines 52 can also be formed with the second conductive lines
21/22 simultaneously. In this case, the first peripheral signal
lines 51 and the second peripheral signal lines 52 are made
of opaque conductive material, preferably metal with high
electronic conductivity, such as silver; copper, aluminum,
gold and iron, and the thickness of the first peripheral signal
lines 51 and the second peripheral signal lines 52 is the same
as that of the conductive layer 104. Furthermore, the first
peripheral signal lines 51 and second peripheral signal lines
52 can be formed in separate manufacturing processes.

In this section, a manufacturing method of making the
touch sensing circuit of the third embodiment will be
depicted. FIGS. 11-13 are schematic views of implementa-
tion steps for making the touch sensing circuit according to
third embodiment. The manufacturing method includes fol-
lowing steps.

In the first step, as shown in FIG. 11, a plurality of second
conductive, lines 21a are formed on the substrate 3a. In
detail, the step comprises: sputtering a conductive layer on
the substrate 3a; covering a mask over the sputtered sub-
strate 3a, and exposing the sputtered substrate 3a under a
light to develop a pattern on the sputtered substrate 3a; and
finally, etching the patterned substrate 3a to form a fourth
temporary pattern on the substrate. After the step is finished,
a fourth temporary pattern is generated as shown in FIG. 11.
The second conductive lines 21a are made of opaque
conductive material, preferably metal with high electronic
conductivity, such as silver, copper, aluminum, gold and
iron.

In the second step, as shown in FIG. 12, a plurality of
insulators 4a are formed on the first temporary pattern
shown in FIG. 11. In detail, this step further comprises:
sputtering an insulating layer on the fourth temporary pat-
tern shown in FIG. 11; covering a mask over the fourth
temporary pattern, and exposing the sputtered fourth tem-
porary pattern under a light to develop a pattern on the
sputtered fourth temporary pattern; etching the patterned
substrate 3a to form a insulator 4a on each second conduc-
tive line 21a. After this step is finished, a fifth temporary
pattern is generated as shown in FIG. 12. The insulators 4a
are made of transparent insulative material such as epoxy
resin, polyimide, polyvinyl chloride and methyl methacry-
late, or opaque insulative material such as ink.

In the third step, a plurality of the first conductive
elements 10qa and a plurality of second electrode units 2a are
formed on the fifth temporary pattern shown in FIG. 12. In
detail, this step further comprises: sputtering a transparent
conductive layer on the fifth temporary pattern; covering a
mask over the sputtered fifth temporary pattern, and expos-
ing the sputtered fifth temporary pattern under a light;
etching the patterned substrate 3a to form a plurality of first
electrode units 1a, the first conductive lines 11a and the
second electrode units 2a as shown in FIG. 13. After this
step is finished, the touch sensing circuit is generated as
shown in FIG. 14. The first electrode units 1la, the first
conducive line 11a and the second electrode unit 2a are
made of transparent conductive material, such as Indium
Tim Oxide (ITO), Antimony Tin Oxide (ATO) or Titanium
Oxide (TiO,), The first electrode units 1 and the second
electrode unit 2 are shaped as diamond. It is noticed that
other polygon contour, such as hexagon, octagon, rectangle,
square and triangle, can also be used as the shape of the first
and second electrode units 1a, 2a.

Referring to FIG. 14, a plan view of a touch sensing
circuit for capacitive touch panel according to the third
embodiment of the present invention is shown. The touch
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sensing circuit 100 is formed on a surface of substrate 3a.
The touch sensing circuit 100a includes a plurality of first
conductive elements 10a parallelly arranged in a first direc-
tion (such as horizontal direction) and a plurality of second
conductive elements 20a parallelly arranged in a second
direction (such as longitudinal direction). The first conduc-
tive elements 10a and the second conductive elements 20a
are arranged perpendicular to each other, forming a matrix
structure.

Each first conductive element 10q includes a plurality of
first electrode units 1a arranged in an equal-spaced manner
along the first direction. Each second conductive element
20a includes a plurality of second electrode units 2a
arranged in an equal-spaced manner along the second direc-
tion. Adjacent first electrode units 1a are interconnected by
a first conductive line 11a and adjacent second electrode.
Units 2a are interconnected by a second conductive line 21a.
The adjacent second electrode units 2a are located on two
sides of the first conductive line 114 respectively. The touch
sensing circuit 100q further includes a plurality of insulators
4a disposed between the first conductive lines 11a and the
second conductive lines 21a, which are used to insulate the
first conductive lines 11a from the second conductive lines
21a.

The touch sensing circuit of the third embodiment is
similar in principle to the touch sensing circuit of the first
embodiment, and the difference lies in a sequence in which
different components are formed on a substrate:

Referring to FIG. 15, a side view of a touch sensing circuit
in accordance with the third embodiments of the present
invention is shown. The touch sensing circuit 100q is formed
on a transparent substrate 101a, comprising a conductive
layer 104a to form the second conductive lines 21a; an
insulating layer 103a for forming a plurality of insulators 4a
and a transparent conductive layer 102a for forming a
plurality of first conductive elements 10a and a plurality of
second electrode units 2a. In the above mentioned structure,
the transparent substrate 101« is normally made of glass and
has a thickness of 0.2 mm-1 mm, preferably 0.55 mm;
transparent conductive 1024 is made of transparent conduc-
tive material, such as Indium Tim Oxide (ITO), Antimony
Tin Oxide (ATO), and Titanium Oxide (TiO,), and has a
thickness of 100 A-500 A, preferably 220 A; the insulating
layer 103a is made of transparent insulative material, such
as epoxy resin, polyimide, polyvinyl chloride and methyl
methacrylate, and has a thickness of 1 um-5 um, preferably
2 um; the conductive layer 104a is made of opaque con-
ductive material, preferably metal, such as silver, copper,
aluminum, gold and iron, and has a thickness of 1000
A-5000 A, preferably 3000 A.

FIG. 16 shows a capacitive touch panel having the touch
sensing circuit in accordance with the third embodiment of
the present invention. The capacitive touch panel comprises
a touch sensing circuit of the third embodiment for sensing
a touch action thereon and generating corresponding touch
sensing signals; a plurality of first peripheral signal lines 51a
and a plurality of second peripheral signal lines 52a are
respectively formed on a first edge and a second edge
adjacent to the first edge of the substrate 3a for conducting
the touch sensing signal, and a controller 6a for receiving
and processing said touch sensing signals. Each first periph-
eral signal line 51a is connected to a corresponding first
conductive element 10a respectively, and each second
peripheral signal line 52a is connected to a corresponding
second conductive element 20a respectively.

The first peripheral signal lines 51a¢ and the second
peripheral signal lines 52a can be formed with the first
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conductive elements 10a and the second electrode units 2a
simultaneously. In this case, the first peripheral signal lines
51a and the second peripheral signal lines 52a are preferably
made of transparent conductive material, such as Indium
Tim Oxide (ITO), Antimony Tin Oxide (ATO), and Titanium
Oxide (TiO,), and the thickness of the first peripheral signal
lines 51a and the second peripheral signal lines 52a is the
same as that of the transparent conductive layer 102aq.
Besides, the first peripheral signal lines 51a and second
peripheral signal lines 52a also can be formed with the
second conductive lines 214a simultaneously. In this case, the
first peripheral signal lines 51a and the second peripheral
signal lines 52a are made of opaque conductive material,
preferably metal with high electronic conductivity, such as
silver, copper, aluminum, gold and iron, and the thickness of
the first peripheral signal lines 51a and second peripheral
signal lines 52a is the same as that of the conductive layer
104a. Furthermore, the first peripheral signal lines 51a and
second peripheral signal lines 524 can be formed in separate
manufacturing processes.

The capacitive touch panels of present invention also have
other components. The following description illustrates
other components of the capacitive touch panel of the
present invention.

Referring to FIG. 17, a side view of the capacitive touch
panel having the touch sensing circuit in accordance with the
first and second embodiment of the present invention is
shown. The capacitive touch panel comprises a substrate
301; a transparent conductive layer 302 formed on the
substrate 301; an insulating layer 303 formed on the trans-
parent conductive layer 302; a conductive layer 304 formed
on the insulating layer 303; a shield layer 305 formed on the
other side of the substrate 301 for preventing the interfer-
ence of outside electronic signals; a back side passivation
layer 306 formed on the shield layer 305 for protecting the
touch panel; a front side passivation layer 307 formed on the
conductive layer 304; a cover glass 309; an adhesive layer
308 for connecting the front side passivation layer 307 and
the cover glass 309 and a controller 310 (FPC).

In the above mentioned structure, the substrate 301, the
transparent conductive layer 302, the insulating layer 303
and the conductive layer 304 are corresponding to the figure
shown in FIG. 8, the thickness of these layers has been
described, so there is ho need to elaborate. The thickness of
other layer will be depicted. The thickness of the shield layer
305 is about 100 A-500 A, preferably 220 A; the thickness
of the side passivation layer 306 is about 200 A-800 A,
preferably 500 A; the thickness of the front side passivation
layer 307 is about 1 um-5 um, preferably 2 um; the thickness
of the cover glass 309 is about 0.2 mm-1 mm, preferably
0.55 mm; the thickness of the adhesive layer 308 is about 1
mm-3 mm; preferably 0.175 mm.

Referring to FIG. 18, a side view of the capacitive touch
panel having the touch sensing circuit in accordance with the
third embodiment of present invention is shown. The capaci-
tive touch panel comprises a substrate 301a; a transparent
conductive layer 3024 formed on the substrate 301a; an
insulating layer 303 formed on the transparent conductive
layer 302a; a conductive layer 304a formed on the insulating
layer 303a; a shield layer 305 formed on the other side of the
substrate 301a for preventing the interference of outside
electronic signals; a back side passivation layer 3064 formed
on the shield layer 3054 for protecting the touch panel; a
front side passivation layer 307a formed on the conductive
layer 304a; a cover glass 3094; an adhesive layer 308 for
connecting the front side passivation layer 307a and the
cover glass 309 and a controller 310a (FPC).
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In the above mentioned structure, the substrate 301a, the
transparent conductive layer 3024, the insulating layer 3034
and the conductive layer 304a are corresponding to the
figure shown in FIG. 15. The thickness of the shield layer
3054 is about 100 A-500 A, preferably 220 A; the thickness
of the side passivation layer 306a is about 200 A-800 A,
preferably 500 A; the thickness of the front side passivation
layer 307a is about 1 um-5 pm, preferably 2 um; the
thickness of the cover glass 309a is about 0.2 mm-1 mm,
preferably 0.55 mm; the thickness of the adhesive layer.
308a is about 1 mm-3 mm, preferably 0.175 mm.

The capacitive touch panel in accordance with present
invention can be combined with a display, such as liquid
display screen, to construct an electronic device. An elec-
tronic device having the capacitive touch panel of the
present invention is shown in FIG. 19. An electronic device
60 comprises a capacitive touch panel 61 for sensing a touch
action thereon and generating corresponding touch sensing
signals; a processor 64 for receiving and processing said
touch sensing signals and generating corresponding display
instruction signals; and a display 62 for receiving said
display instruction signals and displaying corresponding
images. An adhesive layer 63 disposed between the capaci-
tive touch panel 61 and the display 62 is used to combine the
capacitive touch panel 61 with the display 62.

Touch panel 61 can be disposed on the display 62.
Normally, the display comprises upper substrate, lower
substrate, a pixel unit disposed between the upper substrate
and the lower substrate and a blocking layer having a
plurality of black matrixes for blocking light. Preferably, the
second conductive lines of the touch sensing circuit of
present invention can be aligned with the black matrixes for
enhancing the light transmittance of the touch panel 61.

The touch sensing circuit of the present invention also can
be used in the display, such as disposed on the upper face of
the lower substrate or the lower face of the upper substrate.
In this case, the upper substrate or the lower substrate can
also used for the substrate where the touch sensing circuit
can be formed. When the touch sensing circuit of the present
invention is used in a display panel, the second conductive
line can be stacked with the blocking layer that includes a
number of black matrixes for blocking light. In an alterna-
tive embodiment, the blocking layer can be omitted, and the
second conductive line is used as a blocking element for
blocking light in the display. Furthermore, due to that the
second conductive lines are made of metal, resistance
between the second electrode units and the second periph-
eral signal lines can be reduced effectively, and thus the
sensitivity of signal transmission between the second elec-
trode units and the second peripheral signal lines can be
enhanced. In addition, relative to the conventional technique
of the insulation layer covers the whole sensing layer; the
insulators 4 that are spaced with each other and arranged in
the matrix, which can also improve light transmittance of the
display.

The above mentioned description is given by way of
example, and not limitation. Given the above disclosure, one
skilled in the art could devise variations that are within the
scope and spirit of the invention disclosed herein, including
configurations ways of the recessed portions and materials
and/or designs of the attaching structures. Further, the vari-
ous features of the embodiments disclosed herein can be
used alone, or in varying combinations with each other and
are not intended to be limited to the specific combination
described herein. Thus, the scope of the claims is not to be
limited by the illustrated embodiments.
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What is claimed is:

1. A touch panel, comprising:

a substrate;

a touch sensing circuit formed on a first surface of the
substrate; wherein the touch sensing circuit comprises:
a plurality of first electrode units arranged in a first

direction;

a plurality of second electrode units arranged in a
second direction;

a plurality of first conductive lines for providing con-
nection between the plurality of first electrode units,
wherein a first conductive line of the plurality of first
conductive lines is connected between adjacent first
electrode units;

a plurality of second conductive lines for providing
connection between the plurality of second electrode
units without establishing an electrical connection
between the plurality of first electrode units and the
plurality of second electrode units, wherein a second
conductive line of the plurality of the second con-
ductive lines is connected between adjacent second
electrode units; and

an insulating layer disposed between the first conduc-
tive line and the second conductive line, wherein the
insulating layer comprises a plurality of insulators,
wherein each of the plurality of insulators is spaced
apart from another of the plurality of insulators in a
matrix manner so that each of the plurality of insu-
lators is disposed between a corresponding first
conductive line and a corresponding second conduc-
tive line;

a front side passivation layer formed on the touch sensing
circuit, wherein the front side passivation layer has a
thickness of 1 um-5 pm; and

a shield layer formed on a second surface of the substrate,
wherein the shield layer has a thickness of about 100
A-500 A.

2. The touch panel of claim 1, wherein:

the first electrode units, the second electrode units and the
first conductive line are made of a transparent conduc-
tive layer having a thickness of 100 A-500 A; and

the second conductive line is made of a metal layer having

a thickness of 1000 A-5000 A.

3. The touch panel of claim 2, further comprising a
plurality of peripheral signal lines, wherein a material and a
thickness of the peripheral signal lines are identical to a
material and a thickness of the metal layer.

4. The touch panel of claim 2, further comprising a
plurality of peripheral signal lines, wherein a material and a
thickness of the peripheral signal lines are identical to a
material and a thickness of the transparent conductive layer.

5. The touch panel of claim 1, wherein the second
conductive line is a continuous conductive line formed on at
least two of the second electrode units and extends along the
second direction.

6. The touch panel of claim 1, wherein a first insulator of
the plurality of insulators is formed on the first conductive
line and wherein the second conductive line is formed on the
first insulator, or wherein the first insulator is formed on the
second conductive line and the first conductive line is
formed on the first insulator.

7. The touch panel of claim 1, wherein the first electrode
units and the second electrode units have a shape of a
polygon.

8. The touch panel of claim 1, further comprising at least
one first peripheral signal line formed on a first edge of the
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substrate and at least one second peripheral signal line
formed on a second edge of the substrate.

9. The touch panel of claim 1, wherein the substrate is
made of glass and has a thickness of 0.2 mm-1 mm.

10. The touch panel of claim 1, further comprising: a back
side passivation layer formed on the shield layer, wherein
the back side passivation layer has a thickness of about 200
A-800 A.

11. The touch panel of claim 1, wherein the each of the
plurality of insulators is made of a transparent insulative
material or an opaque insulative material.

12. The touch panel of claim 11, wherein the transparent
insulative material comprises epoxy resin, polyimide, poly-
vinyl chloride or methyl methacrylate, and the opaque
insulative material comprises ink.

13. The touch panel of claim 1, wherein each of the
plurality of insulators has a thickness of 1 um-5 um.

14. The touch panel of claim 1, wherein each of the
plurality of insulators has a thickness of 2 um.

15. The touch panel of claim 1, further comprising a cover
glass attached to the front side passivation layer.

16. A touch panel, comprising:

a substrate;

a touch sensing circuit formed on a first surface of the

substrate; wherein the touch sensing circuit comprises:

a plurality of first electrode units arranged in a first
direction;

a plurality of second electrode units arranged in a
second direction;

a plurality of first conductive lines for providing con-
nection between the plurality of first electrode units,
wherein a first conductive line of the plurality of first
conductive lines is connected between adjacent first
electrode units;

a plurality of second conductive lines for providing
connection between the plurality of second electrode
units without establishing an electrical connection
between the plurality of first electrode units and the
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plurality of second electrode units, wherein a second
conductive line of the plurality of the second con-
ductive lines is connected between adjacent second
electrode units; and

an insulating layer disposed between the first conduc-
tive line and the second conductive line, wherein the
insulating layer comprises a plurality of insulators,
wherein each of the plurality of insulators is spaced
apart from another of the plurality of insulators in a
matrix manner so that each of the plurality of insu-
lators is disposed between a corresponding first
conductive line and a corresponding second conduc-
tive line;

a front side passivation layer formed on the touch sensing
circuit, wherein the front side passivation layer has a
thickness of 1 um-5 pm; and

a cover glass attached to the front side passivation layer,
wherein the cover glass has a thickness of about 0.2
mm-1 mm.

17. The touch panel of claim 16, further comprising an
adhesive layer connecting between the front side passivation
layer and the cover glass, wherein the adhesive layer has a
thickness of about 1 mm-3 mm.

18. The touch panel of claim 16, wherein:

the first electrode units, the second electrode units and the
first conductive line are made of a transparent conduc-
tive layer having a thickness of 100 A-500 A; and

the second conductive line is made of a metal layer having
a thickness of 1000 A-5000 A.

19. The touch panel of claim 16, further comprising at
least one first peripheral signal line formed on a first edge of
the substrate and at least one second peripheral signal line
formed on a second edge of the substrate.

20. The touch panel of claim 16, further comprising a
shield layer formed on a second surface of the substrate and
a back side passivation layer formed on the shield layer.
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